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Abstract:  
 
An analysis of 69 recorded bridge deflection histories reveals that the existing formulations for 
the creep and shrinkage of concrete structures greatly underestimate the multi-decade creep 
deflections of structures, often designed for lifetimes >100 years. Despite having the correct 
form, the existing model B3 (a 1995 RILEM Recommendation) markedly underestimates the 
multi-decade deflections. So does the new fib Model Code 2010. Presented is a new model, 
labeled B4, which overcomes two main shortcomings of the ACI, CEB, JSCE and GL models. 
First, the new model is calibrated using the collected bridge deflection data to ensure the proper 
terminal slope of the compliance function in logarithmic time. Second, model B4 extends the 
scope of prediction to modern concretes with various types of admixtures and high strengths.  
Model B4 represents an extension and systematic recalibration of the theoretically founded 
model B3. One major novelty is the separation of drying shrinkage and autogenous shrinkage. 
Admixtures such as fly ash, silica fume, water reducer, superplasticizer, retarder, accelerator, 
viscosity agent, and air entraining agent are known to affect creep and shrinkage parameters 
independently and through their interaction. These dependencies, as well as the effects of 
different aggregate types, environmental conditions, curing times, and cement types are 
described by scientifically justified formulas. The new formulas are calibrated by inverse 
statistical analysis and unbiased multi-objective hybrid optimization of two databases—a bridge 
deflection database from 69 prestressed segmental box girder bridges, and a laboratory database 
with >1,200 creep and >1,800 shrinkage tests. The new laboratory test database, fully 
computerized, is about three-times larger than the previous RILEM database used to calibrate 
model B3 and encompasses the Japanese creep and shrinkage database.  
The resulting prediction formulas for the cross section response are validated using a random 
subset of both the bridge and laboratory data. Compared to the existing formulas, a significantly 
improved prediction of structural behavior is rendered possible, especially for multi-decade 
durations. Examples of data fits illustrate the ability of model B4 to capture systematic variations 
in the composition and environmental parameters of concrete. For design applications, model B4 
is also presented in a simplified form in which the compressive strength is the sole input. A rate-
type variant of model B4 for the point-wise constitutive relation is also developed, to allow a 
computationally more efficient large-scale structural analyses which can capture time-variable 
environmental conditions, moisture diffusion and various nonlinear effects such as steel 
relaxation,  evolving damage, and cracking of concrete. 
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